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Identifying Individuals at High Risk of Melanoma:
A Practical Predictor of Absolute Risk

Thomas R. Fears, DuPont Guerry IV, Ruth M. Pfeiffer, Richard W. Sagebiel, David E. Elder, Allan Halpern,
Elizabeth A. Holly, Patricia Hartge, and Margaret A. Tucker
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Purpose
We developed a model to estimate the 5-year absolute risk of melanoma to efficiently identify

individuals at increased risk of melanoma for potential interventions.

Patients and Methods

We used data from a case-control study with 718 non-Hispanic white patients with invasive
cutaneous melanoma from melanoma clinics in Philadelphia, PA and San Francisco, CA; matched
controls were 945 patients from outpatient clinics with similar catchment areas. All participants
underwent extensive interviews and skin examinations. We selected easily obtained clinical
characteristics and responses to simple questions for study in order to develop sex-specific
relative risk models. These models were combined with incidence and mortality rates by United
States geographic areas to develop estimates of the absolute risk of developing melanoma within
5 years.

Results

Relative risk models yielded an attributable risk of 86% for men and 89% for women, using at
most seven variables. Attributable risks did not vary by age, ultraviolet B flux or hours outdoors.
The absolute individual risks varied widely, depending on age, other host characteristics, and
geographic area. Individual absolute risk can be estimated using a program available online.
Conclusion

Our procedures allow for estimating the absolute risk of developing melanoma to assist in the
identification of patients at high risk. Such high-risk individuals could undergo interventions
including a complete skin examination, counseling to avoid sun exposures, regular self and
professional surveillance, or participation in prevention trials. It is important to emphasize that
these projections are not intended to identify current melanoma cases.

J Clin Oncol 24:3590-3596.

In very high-risk individuals, screening and
interventions have resulted in earlier-stage diag-
noses.*” However, routine screening for melanoma
is currently controversial.® Some groups, such as
individuals with a strong family history” or previous
melanoma,” have been appropriately targeted.
Other high-risk individuals could be identified for
either screening or interventions, including chemo-
prevention trials.'® Prevention trials would require a
large number of individuals; simple identification of
potential participants would be very useful. There is

Among the white population, cutaneous melanoma
is a problem of increasing clinical and public health
importance. An estimated 62,190 new cases of cuta-
neous melanoma were diagnosed in the United
States in 2006." The age-adjusted incidence rate of
cutaneous melanoma for 1997 to 2001 was 21.4 per
100,000 person-years> and has been rising rapidly
for many years. Estimated 10-year survival rates for

patients without evident metastases range from 88%
for those patients with tumors = 1.0 mm without
ulceration to 32% for those patients with tumors
larger than 4.0 mm with ulceration.” Initially, mela-
nomas evolve slowly and in a step-wise fashion. Pa-
tients whose primary lesions are detected and treated
early have an excellent outcome: their 10-year
metastasis-free survival rate is 91.8% to 99.5%.*°

broad agreement that primary care providers should
play an important role in reducing mortality by
identifying those patients at high risk for melano-
ma”'"'? and by developing and implementing ef-
fective prevention and early-detection tactics for
them. Thus, primary care providers could use a
prediction model to identify individuals who are at

high absolute risk.

Information downloaded from www.jco.org and provided by NIH LIBRARY on August 22, 2006 from 128.231.88.4.
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Predicting Absolute Risk of Melanoma

To identify patients at high risk, we developed a model to esti-
mate the chance of developing a first primary melanoma over the next
5 years for a white man or woman with a given age between 20 and 70
years with specified risk factors. The risk factors for this model can be
ascertained easily during a routine physical exam by a health care
provider. They are based on at most two questions and an examina-
tion of only the skin of the back. We present a specific example, but a
program to calculate estimated absolute risk for any combination of
risk factors is available online (http://dceg.cancer.gov/
melanomarisktool).

Study Subjects

In a case-control study, > patients ages 20 to 79 years with histologi-
cally confirmed invasive cutaneous melanoma were those newly diagnosed
from 1991 to 1992 at the University of Pennsylvania’s Pigmented Lesion Clinic
(Philadelphia, PA) and the University of California San Francisco’s Melanoma
Clinic (San Francisco, CA). Controls were from outpatient clinics with similar
catchment areas and were frequency matched to case subjects by sex, age
group, and study site. Those with initial dermatologic or psychiatric problems
were excluded. The analysis was restricted to non-Hispanic white subjects
because melanoma is rare in other ethnic groups. Of the 738 case subjects and
1,030 controls, 718 case subjects and 945 controls with a median age of 49 years
were used in the relative-risk modeling.

As described previously,'? trained interviewers administered a detailed
questionnaire in person to each participant. Data included sunburn and sun-
tan responses along with medical, occupation, residence, and outdoor-
exposure case histories. Each participant also had a complete skin examination
during which participants’ freckling pattern, skin color, solar damage, and
mole and dysplastic nevi counts (small moles, = 2 mm and < 5 mm; large
moles, = 5 mm) were recorded. Examiners (physicians and nurses) were
uniformly trained and were retrained every 6 months by the same instructor.

Statistical Methods

Estimates of 5-year melanoma absolute risk were developed using the
methods of Gail et al'® to combine relative risk models based on data from the
case-control study'>'* with US rates for melanoma incidence and mortality
from other causes for the years 1992 to 2001 derived from the Surveillance,
Epidemiology, and End Results Program (SEER).? Our projections were not
intended for those participants with a prior melanoma or nonmelanoma skin
cancer or for those with a first-degree relative with melanoma, as such individ-
uals are recognized as being high risk>”° and standard care would include
surveillance. For details of the statistical methods, see Appendix.

13,14

The components of the final absolute risk model are presented with an
illustrative example. The final model is a combination of the relative
risk associated with individual phenotype and risk factors as estimated
from the case-control study, the population risk as measured by SEER,
and the competing hazard of mortality from other causes.

Relative Risk Models

The factors considered for inclusion in the models were required
to be quickly, easily, and accurately identified during routine health-
care evaluations. Factors requiring the provider to have specialized
diagnostic skills, ask detailed questions, or carry out more extensive
patient examinations were specifically not considered. Factors consid-
ered for inclusion in the model from the questionnaire included self-
reported eye color, hair color, complexion, sunburn type, tan type,

WWW.jco.org

blistering sunburn as a child, blistering sunburn ever, and family
history of melanoma. Factors considered from the physical examina-
tion included skin phenotype, eye, and hair color. Moles, freckling,
and solar damage were evaluated for the back only. This is because the
back and shoulders are commonly and readily examined at an office
visit, the evaluation of moles, freckling, or solar damage on the back is
easier than examination of chronically exposed areas such as the face,
and the numbers of nevi on the back are highly correlated with nevi in
the total body count. Moles, freckling, and solar damage were evalu-
ated for the back as follows: small nevi and those = 5mm in diameter
were counted; the degree of freckling on the back and solar damage on
the shoulders were ascertained with reference to standard photo-
graphs (see Fig 1 or online at (http://dceg.cancer.gov/
melanomarisktool). Many important available factors from the
questionnaire were not considered because of the relative complexity
of obtaining the information in the primary care setting.

The variables were evaluated using stepwise logistic regression,
conditional on the age and location matching in the case-control
study. Estimated relative risk and confidence intervals for the final
relative risk models are summarized in Table 1. These are the compo-
nents that alter the individual’s risk from the baseline population risk
of a person of the same age, sex, and geographic area. For all risk
factors, the estimated relative risks from age groups 20 to 49 years and
= 50 years were consistent with the CIs obtained using the full data.
Relative risks for a combination of risk factors can be obtained by
multiplying the component relative risks.

Example: Determination of Risk Factors by the
Primary Care Provider

Assessment of risk factors requires asking two questions, depend-
ing on the patient’s sex, and an examination of only the back. Table 2
lists the specific questions to be asked and the phenotypes to record. As
noted, the extent of freckling and of solar damage are graded by
comparison with standard images (Fig 1).

The estimated relative risk can be calculated for an individual
with a specified profile of risk characteristics. For example, consider a
40-year-old man with three large nevi and eight smaller nevi on the
back and severe solar damage on his shoulders. This individual’s
relative risk is obtained from Table 1 as the product of the relative risks
for the individual risk factors, r = 2.412 X 1.935 X 2.803 = 13.08. The
specific values used to compute this example are boldfaced in Tables 1
and 3.

Incidence and Mortality Rates

Age-specific melanoma incidence rates were available for the 10
continental SEER locations for the years 1992 to 2001. Generally
available SEER incidence rates are averages of different geographic
regions. Because melanoma incidence rates are higher for areas ofhigh
ultraviolet B radiation (UVB) flux, the SEER locations were catego-
rized into three regions: south (Atlanta, GA; Los Angeles, CA; New
Mexico), central (San Francisco-Oakland, CA; San Jose-Monterey,
CA; Utah) and north (Seattle, WA; Connecticut; Detroit, MI; Iowa).
To obtain estimates of melanoma incidence rates by region, the loga-
rithmically transformed 5-year age-specific rates for men and women
ages 20 to 74 years were regressed on age, the logarithm of age, and the
logarithm of estimated UVB intensity (Fig 2 and Table 3). Five-year
age-specific mortality rates for all causes except melanoma were also
available for the years 1992 to 2001, for all continental states (Table 3).>
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Fig 1. (A) Standard photograph for grading severe solar damage on the shoulders. Standard photographs for grading freckling of the back: (B) mild freckling of the upper back,
one large nevus, four small nevi; (C) moderate freckling of the upper back, four large nevi, 12 small nevi; (D) extensive freckling of the upper and lower back, no nevi.

These estimates are necessary for adjusting for the age, likelihood of
dying of other causes, and geographic area of the person at risk.

Example: Estimation of the Baseline Melanoma
Incidence for Those Without Risk Factors

The baseline melanoma incidence rates are the rates for those
individuals without any risk factors. The current residence can be
associated with a geographic region to determine the appropriate
incidence rates and the baseline hazard for melanoma. Specifically, the
baseline melanoma rates were estimated using melanoma incidence
rates for the population multiplied by one minus the attributable risk
that was in turn derived from the relative risk model. The attributable
risks changed little with age, residence, or outdoor exposure, so the
overall estimates were used.

In the case described in Example: Determination of Risk
Factors by the Primary Care Provider, suppose that the 40-year-
old man lived in the central region of the United States. Accord-
ing to Table 3, the melanoma incidence rate for men 40 to 44 years
old is 23.50/100,000, and according to Table 1, the attributable
risk for men is 0.856, so that the baseline hazard for men 40 to 44 years
old is obtained as h; =0.0002350(1 — 0.856) =.00003384. Again,
the specific values used to compute this example are boldfaced in
Tables 1 and 3.
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Example: Estimation of the Individual 5-Year Absolute
Risk for Melanoma

We have shown that for an individual with a specified profile of
risk characteristics, the estimated relative risk can be calculated, and
the current residence associated with a geographic region can be used
to determine the appropriate baseline incidence rates. Using equation
Al in the Appendix, these estimates together with mortality rates can
be combined to provide an estimate of the individual’s absolute risk
for melanoma during the next 5 years. These estimates can be used to
show that although melanoma risks vary greatly by age and region,
other individual risk factors play an important role in determining the
projected 5-year risk for melanoma (see Appendix).

Consider again the 40-year-old man in the example. The man’s
estimated relative risk using Table 1 was r = 13.08. Using the mela-
noma incidence rate for men 40 to 44 years old from Table 3 and the
attributable risk for men, the baseline hazard obtained was h;, =
0.00003384. Also from Table 3, mortality rate for men 40 to 44 years
old from causes other than melanoma is h, = 283.55/100,000. The
estimating equation reduces to

P(a,r) = {h, r/(hyr + hy)}[1 — exp{ — 5(h, r + hy)}] (1)

with a = 7, = 40 and 7; , ; = 45. Substituting for r, h;;, and h,; in
equation 1 gives P(40, 13.08) = 0.00220 or 0.22%.

JOURNAL OF CLINICAL ONCOLOGY
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Table 1. Summary of Final Relative Risk Model for Melanoma Among Men
and Women Without a Previous Skin Cancer or First-Degree Family
Member With Melanoma

Estimate of Relative Risk 95% ClI
Men
Any blistering burn* 1.437 1.023t02.019
Light complexion™ 1.767 1.295t0 2.411
= 2 large molest 2.412 1.704 t0 3.415
7-16 small molest 1.935 1.337 t0 2.799
= 17 small molest 4.630 3.061 to 7.002
> mild frecklingt 1.830 1.332t02.514
Very severe solar damage+ 2.803 1.369 to0 5.782
Attributable risk 0.856 0.797 t0 0.915
Women
Light complexion® 1.802 1.238t0 2.625
Light or no tan™ 1.926 1.325 t0 2.801
5-11 small molest 25612 1.667 to 3.788
= 12 small molest 5.154 3.316t08.012
Mild frecklingt 2.174 1.231 t0 3.840
More extensive frecklingt 3.866 2.124 t0 7.000
Attributable risk 0.894 0.843 10 0.945

NOTE. Boldfaced values are used in text example.

“Factors were ascertained by self-report.

tFactors were ascertained by examination of the back.
tFactors were ascertained by examination of the shoulders.

The provider enters the patient’s age, sex, and data regarding re-
sponse to sun exposure, phenotype, and geographic area into the program
(available online at (http://dceg.cancer.gov/melanomarisktool), which
incorporates average annual UVB flux for the continental states.'®

Estimated Performance of the Predictor

We compared the performance of two approaches to indentify
high-risk individuals. The first approach was suggested by studies
showing that melanoma detection efforts may be more cost-effective
when focused on the population that is older than 50 years.'>'” The

Table 2. Determination of Risk Factors Required to Estimate the Probability
of Developing Melanoma Over the Next 5 Years

General examination
For all patients
“Do you have a light, medium, or dark complexion?”
For men only
“Did you ever get a blistering sunburn?”
For women only

“After repeated and prolonged exposure to sunlight, at the age you
are now, would your skin become very brown and deeply tanned,
moderately tanned, lightly tanned, or not tan at all?”

Examination of the back and shoulders
For all patients

Count the number of small moles on the back (up to 12 for women
and up to 17 for men) and

Determine the extent of freckling on the upper and lower back by
comparison with standard photographs

For men only
Determine whether there are = 2 large moles on the back and

Determine whether there is severe solar damage on the shoulders by
comparison with standard photographs

NOTE. All patients were administered a full skin examination including an
examination of the back and shoulders.

WWW.jco.org

approach, then, is based simply on age: all participants aged 50 years or
older are identified as high risk. The second approach is based some-
what arbitrarily on the individual 5-year absolute risk estimates for
melanoma from our models: all men and women with P(a,r) of at least
0.15% are identified as high risk.

For a computational comparison of the two approaches, we
regarded the average population of the 10 continental SEER locations,
using the individuals aged 20 to 69 years as a cohort (14,244,767
individuals). We assumed that after 5 years everyone in the cohort
would have had a physical exam and been evaluated for risk of mela-
noma. Weighting the case-control data by age and sex using SEER
populations, we estimated that compared with identification based on
age, the approach based on P(a,r) would identify 22% fewer men and
18% fewer women in the general population as being high risk. If the
healthcare provider must work with each high-risk individual to de-
velop effective prevention and early detection tactics, this difference
suggests that identification of high risk based on P(a,r) would require
less total time and therefore reduced total cost.

The number of melanoma cases in this hypothetical cohort diag-
nosed in the sixth year was taken to be the SEER average, 3,496 men
and women. During the 5 years before diagnosis, all of these individ-
uals would have received a physical exam and been evaluated for risk
of melanoma. Those individuals identified as at high risk for mela-
noma would have received assistance in developing effective preven-
tion and early-detection tactics before the sixth year and their
diagnosis. Again, using the SEER populations for weighting, we esti-
mated that 32% more men and 31% more women would have been
identified as high risk during the 5 years before their diagnosis of
melanoma, if the identification approach based on P(a,r) were used.
These calculations therefore suggest that the identification of high-risk
individuals based on P(a,r) will be the more effective approach to
provide assistance in melanoma prevention and detection.

Melanoma has many features that make it a good target for early
detection. It is increasingly common, has biologically early visually
distinctive lesions that require noninvasive inspection for provisional
identification, and is definitively diagnosed and cured in its early stages
with simple nonmorbid inexpensive surgery. Routine screening of the
general population for melanoma using complete skin exams is theo-
retically possible, but would be very costly because of the large
number of examinations required and would be inefficient because of
the many negative examinations. Targeting high-risk individuals
would improve efficiencies and help select the appropriate people for
interventions. These interventions could include complete skin exam-
ination, counseling and education to avoid sun exposure, regular
self-examination, and professional surveillance. Interventions in high-risk
individuals may lead to the detection of early-stage curable disease or
to a decrease in patients’ risk of developing melanoma.'®'®'?

We have developed a model to project individual 5-year absolute
risks of developing melanoma in the presence of competing risks that
has the potential to identify high-risk individuals by focusing on
information that a healthcare provider can readily obtain during a
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Table 3. Estimated Rates per 100,000 Person-Years for Incidence of Invasive Melanoma and Mortality Without Melanoma for the Years 1992-2001 by Age

Group and Region Based on Continental SEER Locations

Women

Mortality Mortality

Without Without

Melanoma Incidence Melanoma Melanoma Incidence Melanoma

Age Group (years) South Central North Continental South Central North Continental
20-24 4.49 4.12 3.6 122.86 9.35 8.84 8.12 43.13
25-29 7.85 7.19 6.3 127.25 13.18 12.47 11.45 49.40
30-34 12.42 11.38 9.96 161.32 17.16 16.23 14.91 66.13
35-39 18.32 16.79 14.7 209.35 21.12 19.98 18.35 96.86
40-44 25.64 23.50 20.57 283.55 24.93 23.58 21.66 142.86
45-49 34.46 31.68 27.65 404.72 28.48 26.94 24.75 221.75
50-54 44.84 41.10 35.97 608.14 31.71 30.00 27.55 359.32
55-59 56.82 52.08 45.59 979.82 34.57 32.70 30.04 588.77
60-64 70.43 64.55 56.51 1,600.96 37.03 35.02 32.17 955.41
65-69 85.70 78.55 68.76 2,490.23 39.08 36.96 33.95 1,478.73
70-74 102.64 94.07 82.35 3,824.02 40.72 38.51 35.38 2,316.32

NOTE. Boldfaced values are used in text example.
Abbreviation: SEER, Surveillance, Epidemiology, and End Results program.

routine office visit or comparable encounter. To foster generalizability
and portability of the proposed model, we emphasized the use of risk
factors that take a minimum of time to obtain and do not require the
patient to completely disrobe. Developing different models for men
and women increased the predictive ability as it allowed for the inclu-
sion of different predictors and the different impact of predictive
variables that may have different distributions among the sexes.

Overall, when compared with the identification of high risk using
age only, the approach based on estimated absolute risk would identify
fewer individuals in the general population, yet identify more individ-
uals among the melanoma cases in the follow-up year. If the former is
regarded as a measure of “cost” and the latter as a measure of “effec-
tiveness,” then using estimated absolute risk is projected to cost less
and be more effective. The referral values for estimated absolute risk
were arbitrary. Increasing the referral values will reduce the cost but
will also reduce the effectiveness. Decreasing the referral values will
increase the effectiveness but will also increase the cost.

Although the absence of several known melanoma risk factors
may be seen as a potential limitation of our model, this is likely of little
impact, as many of the excluded factors are highly correlated with
those included in the model. Pregnancy provided important improve-
ment in the model for women but was omitted since its role as a risk
factor is not yet clear.”® Pregnancy may be correlated with other risk
factors that were not considered, such as hormones or behavior. Nev-
ertheless, the phenotypic factors in the model (eg, freckling and nevi)
are powerful summations of both host susceptibility and total life
sun/UV exposure. The stable high attributable risks demonstrate
that these factors capture much of melanoma risk. Risk factors for
melanoma not explicitly included in the models, such as presence
and number of dysplastic nevi,'> may be accounted for in part by
large nevi.

A limitation of the model is that it was based on data from one
case-control study, though it was a large one with bicoastal representation.
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Fig 2. Estimated melanoma incidence rates by 5-year intervals of age and by region of the United States. (A) Males; (B) females.
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Validation of the relative risk in other case-control data sets is difficult
because clinical skin exams with variables similar to those in our
models have not been part of any other large melanoma case-control
study. We believe that the potential utility of the model will encourage
its testing by other investigators in other populations. We note a
recently published report based on a cohort of employees in the
healthcare professions.*! Although the study is not population based
and did not include a professional skin exam, it is reassuring that risk
factors identified were comparable to those determined here (age, sex,
sunburn history, and nevus number, together with hair color).

We have estimated the area under the receiver operating charac-
teristics (ROC) curve for the model. Using the population sizes of the
continental SEER locations along with risk estimates from our case-
control data, the false-positive and true-positive rates were esti-
mated for different possible cut points. The estimated area under

the ROC curves ranged from 0.70 for women aged = 50 years to
0.80 for men aged 20 to 49 years. This compares favorably with
other risk models with which we are familiar, such as the Gail
model for breast cancer risk.

The model has a number of strengths. As a predictive model with
potential utility in general practice, it uses readily obtainable variables.
It is flexible and can easily be extended to predict over longer time
intervals, or provide lifetime risk estimates. The model is probably
widely generalizable. It is important that the relative risk and associ-
ated attributable risk estimates were found to be very stable over a wide
range of UVB intensity levels and outdoor exposure rates. This indi-
cates that these or related models can be used with appropriate inci-
dence and mortality rates to develop absolute risk estimates, not just
for the United States, but for other regions of the world with compa-
rable UVB intensity levels and similar melanoma risk factors.
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